ABSTRACT: Cold-pressed canola cake is a coproduct of biodiesel production that contains more residual oil than expeller-pressed and solvent-extracted canola meal. Cold-pressed canola cake might be an attractive feedstuff for swine due to local availability from small plants. However, the nutritional quality and content of anti-nutritional factors of cold-pressed canola cake are poorly defined and vary with processing conditions. This experiment evaluated cold-pressed canola cake processed using 4 different conditions: a nonheated and heated barrel at slow and fast screw speed in a 2 × 2 factorial arrangement. Seven ileally cannulated barrows (26 kg of BW) were fed twice daily at 2.8 × maintenance diets containing either 44% of 1 of the 4 cold-pressed canola cake samples, expeller-pressed canola meal, canola seed, or an N-free diet in a 7 × 7 Latin square. The objectives were to measure the energy and AA digestibility and to calculate standardized ileal digestible (SID) AA and NE content. Each 9-d experimental period consisted of a 5-d diet adaptation, followed by 2-d feces and 2-d ileal digesta collections, and 7 observations per diet were obtained. Cold-pressed canola cake contained 41% CP, 16% ether extract, and 5 μmol of total glucosinolates/g (DM basis). Both apparent ileal digestibility (AID) and total tract energy digestibility of energy in cold-pressed canola cake was 36% greater (P < 0.05) in heated vs. nonheated conditions and 8% greater (P < 0.05) in fast vs. slow screw speed without interaction, indicating that heat enhanced energy digestibility. The AID of energy of cold-pressed canola cake was 13 and 118% greater (P < 0.01) than expeller-pressed canola meal and canola seed, respectively. Heat and speed interacted (P < 0.05) for SID of AA of test ingredients, but effects were not consistent among AA. The DE and calculated NE content of cold-pressed canola cake was 0.73 and 0.52 Mcal/kg greater (P = 0.001; DM basis), respectively, than expeller-pressed canola meal and did not differ from canola seed. Coldpressed canola cake averaged 4.17 Mcal of DE/kg, 2.84 Mcal of NE/kg, 0.87% SID Lys, 0.46% SID Met, and 0.79% SID Thr (DM basis). In conclusion, processing conditions greatly affected the digestible nutrient content of cold-pressed canola cake. Content of residual ether extract was an important determinant of the energy value of cold-press canola cake, whereas residual glucosinolates did not seem to hamper nutrient digestibility.
INTRODUCTION
With increasing cost of feed energy, alternative energy-rich feedstuffs should be characterized. Cold-pressed canola cake is a coproduct of biodiesel production that might be an attractive feedstuff for swine due to increased local availability in western Canada and the United States. In contrast to solvent extraction used to separate canola oil for human consumption from canola seed using hexane, pressing removes oil less efficiently (Leming and Lember, 2005) . The greater residual oil content in cold-pressed and expeller-pressed (EP) canola coproducts provides more dietary energy and less AA than those in solvent-extracted canola meal (Seneviratne et al., 2010; Woyengo et al., 2010) .
In expeller pressing, seed is heated using steam up to 110°C before pressing and may pass through the press once or more to reach >75% oil extraction (Spragg and Mailer, 2007) . In single-pass cold-pressing, steam is not applied, resulting in 50 to 70% oil extraction (Leming and Lember, 2005; Spragg and Mailer, 2007) . Processing conditions thus affect residual oil content in canola coproducts, but may also affect residual content of antinutritional factors such as glucosinolates (Newkirk and Classen, 2002 ) and AA quality due to applied heat (van Barneveld et al., 1999) . Unlike EP canola meal, the nutritional quality of cold-pressed canola cake is poorly defined. Moreover, effects of processing conditions on chemical characteristics and nutritional quality of coldpressed canola cake are unknown and require characterization to maximize effective use (Schöne et al., 1997) .
In the present study, we hypothesized that nutrient digestibility of cold-pressed canola cake differs depending on processing conditions and differs from EP canola meal and canola seed. The objectives were to characterize the effect of processing conditions such as heating of the barrel and screw speed on energy and AA digestibility and to compare cold-pressed canola cake to EP canola meal and canola seed.
MATERIALS AND METHODS
The animal procedures were reviewed and approved by the University of Alberta Animal Care and Use Committee for Livestock, and followed guidelines established by the Canadian Council on Animal Care (CCAC, 2009 ).
Experimental Design and Diets
In a pilot project, cold-pressed canola cake samples were collected from across western Canada and analyzed for proximate composition. The results indicated a range of 12 to 25% ether extract in commercially produced, cold-press canola cake (Seneviratne, 2009) . In the present study, canola seed was pressed with a Komet single-screw press (model CA 59 G, IBG Monforts, Mönchengladbach, Germany) under 4 processing conditions at the Canadian International Grain Institute (Winnipeg, Manitoba, Canada) to produce representative cold-pressed canola cake samples. The cold press was operated with 2 screw speeds (slow and fast; 44 and 103 rpm, respectively) and 2 barrel temperatures (heated and nonheated; resulting cake temperature was 60 and 53°C) in a 2 × 2 factorial arrangement. Whole canola seed was obtained from a local canola grower (Bentley, Alberta, Canada) and was of off-grade quality containing 50% heated seed (CGC, 2009) . A sample of EP canola meal was obtained from a commercial company (Associated Proteins, Ste. Agathe, Manitoba, Canada). The nontest, common ingredients were obtained via commercial supply and were of unknown origin.
The unprocessed seed, 4 cold pressed-canola cake samples, and EP canola meal were blended with cornstarch to prepare the experimental diets (Table 1) . The diets contained 44% test ingredient with the exception of the diet containing canola seed. To avoid reduced feed intake of the latter diet, ground canola seed inclusion was limited to 20%, with EP canola meal making up the balance (24%). Canola cake, meal, and seed were the sole sources of CP and AA in diets. The N-free diet was used to establish basal ileal endogenous losses of AA (Stein et al., 2006) . The ratio of corn starch to sugar and canola oil was identical to the N-free diet to allow measurement of energy digestibility of coldpressed canola cake and EP canola meal using the difference method (Stein et al., 2006) . Diets were formulated to meet or exceed requirements for vitamins and minerals (NRC, 1998) except P; however, limiting P does not reduce digestibility of other nutrients in pigs (Ekpe et al., 2002) . Diets included 0.38% chromic oxide as an indigestible marker.
Experimental Procedures
The study was conducted at the Swine Research and Technology Centre at the University of Alberta (Edmonton, Alberta, Canada). In total, 7 diets were tested over 7 experimental periods as a 7 × 7 Latin square design using ileally cannulated grower-finisher pigs to provide 7 observations per diet. Seven crossbred barrows (Duroc sire × Large White/Landrace F 1 ; initial BW, 26.1 ± 0.9 kg; initial age, 66 ± 2 d; Hypor, Regina, Saskatchewan, Canada) were surgically fitted with a T-cannula at the distal ileum. Diets were randomly allocated to pigs for the first period. Pigs were housed in individual metabolism pens (1.2 × 1.2 m) that allowed freedom of movement. Pens had a plastic-coated, expanded metal floor, polyvinyl chloride walls (0.9 m high) fitted with plexiglass windows (0.3 × 0.3 m), a single-space dry feeder, and a nipple drinker.
Pigs were weighed at the start of each period. To avoid orts, the daily feed allowance was set at 2.8 × the estimated maintenance requirement for energy (110 kcal of DE/kg of BW 0.75 ; NRC, 1998) that was fed in 2 equal weight meals at 0800 and 1600 h. Diets were fed as a dry mash, and pigs had free access to water throughout the experiment. The 9-d experimental periods consisted of a 5-d diet acclimation, followed by 2-d collection of feces and 2-d collection of ileal digesta.
Feces were collected continuously with bags replaced a minimum of 2 times per day at 0800 and 1600 h. The plastic bags were attached to a ring system glued to the skin around the anus (van Kleef et al., 1994) . Digesta was collected for 10 h on each of 2 consecutive days using bags containing 5% formic acid attached to the open cannula barrel. Bags were removed whenever full or at least every 30 min. Collected feces and digesta were pooled by pig for each period and frozen at -20°C. Before analyses, feces and digesta were thawed, homogenized, subsampled, and freeze-dried.
Chemical Analyses
Diet, test feedstuffs, lyophilized digesta, and feces samples were ground in a centrifugal mill (Retsch GmbH, Haan, Germany) using a 1-mm screen. The test ingredients were analyzed for CP (method 984.13A-D), Lys availability (method 975.44), ether extract (method 920.39A), crude fiber (method 978.10), ADF (method 973.18), ash (method 942.05), Ca (method 968.08), and P (method 946.06) using AOAC (2006) methods and NDF (Holst, 1973) at the University of Missouri (Columbia, MO). Diet, test ingredient, and feces samples were analyzed for ether extract (method 920.39A; AOAC, 2006) at University of Alberta, Alberta, Canada. Glucosinolate content of cold-pressed canola cake, EP canola meal, and canola seed was determined by gas chromatography (POS Pilot Plant Corp., Saskatoon, Saskatchewan, Canada) using the method of the Canadian Grain Commission developed by Heaney and Fenwick (1980) as modified by Daun and McGregor (1981) .
Diets, digesta, and feces were analyzed for DM (method 930.15; AOAC, 2006) and GE using an adiabatic bomb calorimeter (model 5003, Ika-Werke GMBH & Co KG, Staufen, Germany); benzoic acid was used as a standard. Chromic oxide in diets, digesta, and feces was determined by spectrophotometry (model 80-2097-62, KBUltraspec III, Pharmacia, Cambridge, UK) at 440 nm after ashing at 450°C overnight (Fenton and Fenton, 1979) . Separation and quantification of AA in ingredients, diets, and digesta samples were performed using a HPLC (Shimadzu, Columbia, MD) with a flu- Canola seed was pressed with a Komet single-screw press (model CA 59 G; IBG Monforts, Mönchengladbach, Germany) with 2 screw speeds (slow and fast; 44 and 103 rpm, respectively) and 2 barrel temperatures (heated and nonheated; resulting cake temperature was 53 and 60°C).
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The N-free diet also contained 3.00% Solka-Floc (International Fiber Corp., New York, NY), 1.20% mono/dicalcium phosphate, 0.50% KCO 3 , and 0.10% MgO. 4 Melojel (National Starch and Chemical Co., New York, NY). orichrome detector with precolumn derivatization, using fluoraldehyde as the reagent (Sedgwick et al., 1991) . For all AA except Cys and Met, the samples were hydrolyzed with 6 M HCl for 24 h at 110°C before injection. A β-amino-n-butyric acid and ethanol amine mixture was used as the internal standard. The Cys content was determined as cysteic acid, and the Met content was determined as Met sulfone after oxidation with performic acid before hydrolyzing with 6 M HCl. The Trp content was not analyzed. Diets were analyzed for CP (method 984.13A-D; AOAC, 2006).
Calculations
The apparent ileal digestibility (AID) of GE and apparent total tract digestibility (ATTD) of energy and ether extract in cold-pressed canola cake diets, EP canola meal diet, EP canola meal, and canola seed diet were calculated using the indicator method [Eq. 2; Stein et al., 2007) . For AA of cold-pressed canola cake and EP canola meal, the direct method was used because the test ingredient was the sole source contributing AA to the diet and thus the AID AA values also represent the digestibility values of cold-pressed canola cake and EP canola meal. Values from each pig fed the N-free diet were used to calculate its own basal endogenous AA losses (Eq. 3; Stein et al., 2007) . The standardized ileal digestibility (SID) of AA for the test ingredients was thereafter calculated using the diet AID and the basal endogenous AA loss (Eq. 7; Stein et al., 2007) . The SID AA of canola seed was calculated using the difference method (Adeola, 2001) . The SID content of AA was calculated by multiplying the AA content in the ingredient by corresponding SID (Stein et al., 2007) . For energy, the difference method was used (Adeola, 2001) to calculate the digestibility values of ingredients using the ratio of corn starch, sugar, and canola oil in the N-free diet (Stein et al., 2006) . The DE content of the test ingredients was calculated using GE multiplied by its digestibility value (Adeola, 2001) . The NE content of test ingredients was predicted by Eq. 4 in using the determined DE content and the analyzed content of crude fiber, CP, and ether extract. Canola seed does not contain starch (Sauvant et al., 2004) .
Statistical Analyses
The data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) as a 7 × 7 Latin square. Pig was considered the experimental unit. Diet (except Nfree) was the fixed term in the model; period and pig were the random terms. The effects of screw speed and barrel heat application on pig variables were analyzed as a 2 × 2 factorial arrangement of treatments. When an interaction between the main factors occurred, treatment least squares means were separated by the probability of difference. The EP canola meal and combination of EP canola meal and canola seed diets were compared with the group of 4 cold-pressed canola cake diets using preplanned contrasts. To test the hypotheses, P < 0.05 was considered significant. If pertinent, trends (0.05 ≤ P < 0.10) were reported. Means were reported as least squares means.
RESULTS
In the present study, the cold press produced 0.8, 2.5, 1.7, and 4.8 kg/h of cold-pressed canola cake for nonheated slow, nonheated fast, heated slow, and heated fast (correspond to barrel heat and screw speed), respectively. The cold-pressed canola cake samples ranged from 36.4 to 45.0% in CP and 9.6 to 24.2% in ether extract content ( Table 2 ). The EP canola meal used in the present study contained 7% less CP and 15% less ether extract than cold-pressed canola cake. Canola seed used in the study contained 19.45% CP. The cold-pressed canola cake samples processed with a heated barrel contained 20% less Lys than samples processed with a nonheated barrel. The resulting total Lys content as a percentage of CP was 3.7 and 3.2% for cold-pressed canola cake processed with a nonheated and heated barrel, respectively. The EP canola meal contained 17% more Lys than the cold-pressed canola cake.
The cold-pressed canola cake samples ranged from 3.5 to 6.3 μmol of total glucosinolate content/g (Table  3 ). Total glucosinolates content of EP canola meal was 2.4 times greater than that of cold-pressed canola cake.
Test Diets
The AID and ATTD of energy in cold-press canola cake diets was 20 and 8% greater (P < 0.05; Table 4), respectively, using a heated vs. nonheated barrel. The AID and ATTD of energy in cold-press canola cake diets was 22 and 7% greater (P < 0.05), respectively, using a fast vs. slow screw speed without interaction. The AID and ATTD of energy of cold-pressed canola cake diets did not differ from diets containing the EP canola meal with or without canola seed. Screw speed, heating the barrel, and their interaction did not affect the ATTD of ether extract. The ATTD of ether extract of cold-pressed canola cake diets did not differ from diets containing the EP canola meal, with or without canola seed.
There were barrel heat and screw speed interactions (P < 0.05) in the AID of Asp, Lys, and Met (Table  4 ). The AID Lys of cold-pressed canola cake diets was 20% greater (P < 0.05) with a nonheated barrel and fast screw speed vs. a nonheated barrel and slow screw speed. The AID Met of cold-pressed canola cake diets was 7% less (P < 0.05) with fast vs. slow screw speed for a nonheated barrel but was 12% greater (P < 0.05) with fast vs. slow screw speed for a heated barrel. The AID of Lys of cold-pressed canola cake diets was less (P = 0.001) than diets containing the EP canola meal with or without canola seed. Barrel heating generally increased (P < 0.001) the AID of other AA in diets.
Test Ingredients
The AID and ATTD of GE in cold-press canola cake were both 36% greater (P < 0.05) for a heated vs. non- Total aliphatics equals the sum of 3-butenyl, 4-pentenyl, 2-OH-3-butenyl, and 2-OH-4-pentenyl.
heated barrel and tended to be 8% greater (P < 0.10) for fast vs. slow screw speed without interaction (Table  5 ). The AID of energy of cold-pressed canola cake was 16 and 118% greater (P < 0.05) than EP canola meal and canola seed, respectively. Barrel heat and screw speed interactions (P < 0.05) were observed in the SID of Lys and Met of coldpressed canola cake (Table 5) . Fast screw speed in a nonheated barrel increased (P < 0.05) the SID of Lys by 21%, but screw speed did not affect SID of Lys in a heated barrel. The SID of Lys for cold-pressed canola cake was less (P < 0.05) than that of EP canola meal and canola seed. Fast screw speed in a nonheated barrel reduced (P < 0.05) the SID of Met by 6.5%, whereas a fast screw speed in a heated barrel increased (P < 0.05) the SID of Met by 12%. The SID of Met in coldpressed canola cake did not differ from EP canola meal and canola seed.
There were barrel heat and screw speed interactions (P < 0.05) in the DE content and predicted NE content of the test ingredients (Table 6 ). An increase in screw speed in a nonheated barrel increased (P < 0.05) the DE content of cold-pressed canola cake by 19%, whereas screw speed did not affect DE content in a heated barrel. Fast screw speed in a nonheated barrel increased (P < 0.05) the NE content of cold-pressed canola cake by 24%, whereas fast screw speed in a heated barrel reduced (P < 0.05) NE by 10%. Both the DE and NE content of cold-pressed canola cake did not differ from canola seed, but were both greater (P = 0.001) than for EP canola meal. Barrel heat and screw speed interactions (P < 0.05) in the SID AA content of test ingredients and effects of interaction were not consistent among AA. The SID AA content of cold-pressed canola cake was greater (P < 0.001) than that in canola seed. The SID content of Lys of cold-pressed canola cake was less (P < 0.001) than that of EP canola meal.
DISCUSSION
The present study is the first to characterize relations between processing condition and digestible nutrient profile of cold-pressed canola cake. The lack of knowledge about the content of digestible nutrients and anti-nutritional factors in current cold-pressed canola cake and impact of processing on nutritional quality did limit the use of cold-pressed canola cake in swine diets.
In small-scale biodiesel production facilities, canola seed is cold pressed to extract crude canola oil. Seed is subjected to mechanical pressing without preconditioning to provide external heat (Spragg and Mailer, 2007) . Still, seed temperature may increase up to 65°C because of friction buildup in the press (Spragg and Mailer, 2007) or the barrel might be heated, depending on the equipment. In cold pressing, oil recovery is reduced compared with expeller pressing and solvent extraction; thus, the resulting canola cake contains more residual oil (Leming and Lember, 2005 ) that may increase the DE content relative to solvent-extracted canola meal (van Barneveld, 2008) . Cold pressing of canola seed thus facilitates a path to create a canola coproduct supplying AA and energy in swine diets. Chemical content, but not nutrient digestibility of cold-pressed canola cake has been characterized previously. A cold press with an output of up to 9 kg/h produced a canola cake containing 19% ether extract in Estonia (Leming and Lember, 2005) . In contrast, in Australia, cold-pressed canola cake contained 13% residual oil (Spragg and Mailer, 2007) . A cold press pressing 200 kg of regular canola seed/h produced a canola cake with 27% residual oil (Thacker and Petri, 2009 ). Within a row, means without a common superscript differ (P < 0.05).
1 CPCC = cold-pressed canola cake; EP canola meal = expeller-pressed canola meal. Thus, the residual oil content of cold-pressed canola cake ranged widely among studies, likely mostly because of variable equipment and processing conditions. To select processing conditions for our study, we initially collected cold-pressed canola cake samples from commercial processing plants that were analyzed for proximate composition. Four processing conditions were selected to produce a similar wide range of residual oil content. As a caution, the developed relationships between processing conditions and digestible nutrient content may vary among equipment models.
Processing conditions during oil extraction greatly affect chemical characteristics of press cake (Weigal, 1991; Glencross et al., 2004) ; therefore, the quality of cold-pressed canola cake can vary vastly (Leming and Lember, 2005) . The composition of cold-pressed canola cake primarily reflected the efficiency of oil removal. In the present study, screw speed and heat interacted for ether extract content of pressed cake. Increasing screw speed in nonheated barrel increased the ether extract content likely because canola seed had less time to get crushed, thereby increasing residual oil in the cake. In contrast, a heated barrel with increased screw speed might more easily disrupt the cell walls of the seed and facilitated removal of oil that is encapsulated by cell walls (Meng et al., 2006) , thereby reducing residual oil content in the cake.
In the present study, ether extract content was strongly correlated with GE content (r = 0.99). The CP and crude fiber content of pressed cake was greater when more oil was extracted. On average, cold-pressed canola cake in the present study contained 30% more CP and 44% less crude fiber (DM basis) than in an Estonian study (Leming and Lember, 2005) . In Alaska, cold-pressed canola cake had a CP content of 28% of DM (Geier, 2004) . In Germany, cold-pressed rape seed cake contained 32% CP, 18% ether extract, and 10% crude fiber on a DM basis (Schöne et al., 1996) . In Canada, cold-pressed canola cake contained 32% CP, 26% NDF, and 20% ADF on a DM basis (Thacker and Petri, 2009) . In the present study, cold-pressed canola cake contained double the CP and yet had a similar crude fiber and less ADF and NDF content than the parent whole canola seed. The latter discrepancy points to the limitations that exist in these analyses to determine fiber content accurately (de Lange, 2000) .
Conditions of cold pressing may affect digestibility of energy, likely because of altering densities of macronutrients. The AID and ATTD of energy of cold-pressed canola cake was less for slow than for fast screw speed, perhaps in part because of greater fiber content at slow screw speed that may have reduced nutrient digestibility (Widyaratne and Zijlstra, 2007) . Interestingly, application of heat to the barrel of the press during oil extraction increased the AID and ATTD of energy of cold-pressed canola cake. This increase could be due to increased lipid solubility because of heat application and, therefore, greater fat digestibility of pressed cake (Dänicke et al., 1998) . Indeed, fat digestibility of coldpressed canola cake followed the reduced energy digestibility of the nonheated barrel at slow screw speed. Fats and oil have a greater energy value (Jørgensen et al., 2000; Duran-Montagé et al., 2007) and are highly digestible if provided in free form in the diet . Canola oil, as a supplementary fat source, was very digestible with ileal digestibility greater than 90% (Jørgensen et al., 2000) . In the present study, the ATTD of ether extract of cold-pressed canola cake was greater than 90%, except for a nonheated barrel at slow screw speed. Therefore, the greater energy digestibility for heated barrel conditions might be due to greater ether extract content and improved fat digestibility.
The DE content of cold-pressed canola cake varied from 3.15 to 5.08 Mcal/kg (DM basis) in the present study. The DE content is a function of GE content and energy digestibility. An increased content of ether extract coinciding with an increased DE content for coldpressed canola cake indicated that residual oil content is an important predictor of the DE content of canola coproducts (Keith and Bell, 1991; van Barneveld et al., 1999) . The mean DE content of cold-pressed canola cake was 0.97 and 0.25 Mcal/kg greater than the DE content of 3.20 and 3.92 Mcal/kg (DM basis) included in the North American feedstuff tables (NRC, 1998) for solvent-extracted canola meal and soybean meal. In the present study, the DE content of cold-pressed canola cake was 21 and 24% (DM basis) greater than EP canola meal and canola seed, respectively, with a similar pattern for the predicted NE content. These values indicate that cold-pressed canola cake has a greater energy value than EP canola meal mainly because of more ether extract remaining in the cold-pressed canola cake, resulting from less effective oil extraction.
Processing conditions also affected AA quality because the SID of AA were affected independently by heat and screw speed, except for Met and Lys. Increased fiber content may reduce digestibility of AA and CP (Eggum, 1995) , and the crude fiber content of cold-pressed canola cake was 2.2% greater for a nonheated than heated barrel. The AA data indicated that increased SID of AA was not due to increased CP but due to changes in crude fiber because of processing conditions.
Interestingly, barrel heating and screw speed interacted for SID Lys content. When barrel speed increased from slow to fast, SID Lys content was increased in the nonheated barrel but was not affected in the heated barrel. The EP canola meal contained more SID Lys than the cold-pressed canola cake because EP canola meal contained more Lys as a percentage of CP than the canola press cake and even the canola seed, indicating the differences in parent canola seed stock used. In expeller pressing, temperature of the meal could reach 110°C (Spragg and Mailer, 2007) . Lysine is susceptible to heat damage (Klein-Hessling, 2007; Spragg and Mailer, 2007) . Indeed, the total Lys content as a percentage of CP was less for a heated than unheated barrel in the present study, but heating during storage might also affect Lys quality as reflected by the lowest Lys as a percentage of CP in the canola seed.
The residual glucosinolate content in the cold-pressed canola cake was reduced compared with EP canola meal in the present study. The glucosinolate content of canola seed was less than historical averages (Daun, 1986 ) and likely did not affect nutrient digestibility. The different parent canola seed stock, thus, likely affected residual glucosinolate content.
For biodiesel production, oil will likely be extracted from poor quality or off-grade canola seed because normal quality canola seed is too valuable for human food purposes. Off-grade canola seed might have been heated during storage as in the present study or be immature or green. Cold pressing of canola seed containing 20% green seed produced canola cake containing 16% residual oil, which was 11% units less than for regular canola seed (Thacker and Petri, 2009 ). The reduced residual oil content could be due to green seed having a thinner seed coat (CGC, 2009) enabling more efficient oil extraction. Alternatively, green seed is immature (CGC, 2009) and might have had reduced oil deposition, resulting in decreased seed oil content (Fowler and Downey, 1970) . In the present study, poor quality canola seed was processed into cold-press canola cake that still had an attractive digestible nutrient profile for swine.
In summary, cold-pressed canola cake is a source of DE and AA. On average, cold-pressed canola cake contained 4.17 Mcal/kg of DE, 2.84 Mcal/kg of NE, 0.87% of SID Lys, 0.46% of SID Met, and 0.79% of SID Thr (in DM). The nutritional quality of cold-pressed canola cake varied with processing conditions, and residual glucosinolates likely did not affect nutrient digestibility. The content of DE and SID AA was greater in coldpressed canola cake than canola seed. In conclusion, the content of ether extract was an important determinant of energy value of cold-pressed canola cake; greater residual oil in the cake increased the DE and NE content. Finally, purchasing and effective use of cold-pressed canola cake requires feed quality evaluation because the range in energy and AA quality is too large to ignore.
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